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I. INTRODUCTION

A, AUTHORIZATTON AND PAST REPORTS. - The Bridge Street Pumping

Station is a part of the local protection works for the Town of West
Springfield. The West Springfield Dike project is a part of the Con-
necticut River flood control plan included in the Comprehensive Plan of
Flood Control for the Comnecticut River as described in House Document
Wo. LS5, 75th Congress, 2d Session, and authorized under the Flood Con-
trol Act approved June 28, 1938,

B. NECESSITY FOR THE STATION. ~ As a part of the flood protection

works for that section of West Springfield between the Memorial Bridge

and the North End Bridge, a pumping sfation at Bridge Street is necessary
to discharge the sanitary and storm sewage into the river angd thus pre-
vent the backing up of water in the sewers and flooding of the protécted
area during periods of high water in the river. The Bridge Strect Punp-
ing Station has a drainage area of 5%), acres which is shovm on Plate No, 1.

C. CONSULTATION WITH THE TCOWN OF WEST SPRINGFIELD, - Preliminary

to and during the actual design of the station, consultations were held
with officials representing the Town of West Springfield. These include
the Chairmen and other members of the Board of Selectmen, the town engi-
neer, the head of the sewer department, and others. The pumping station
design, as finally developed, meets with the approval, in its essentials,
of the Town of West Springfiéld.

D SHORT DIESCRIPTION OF THE STATICON. - The building which will

house the pumps and other equiosment will consist of a reinforced con-
L quaz

crete substructurc and a superstructure, onc story high, of structural



steel and brick with glass block panels serving as windows. The coun~
erete roof slab of the building will be covered directly with a L-ply
asphalt and gravel roof. The engine room will contain the gasoline en-
gines and right angle geaf units for the three 30-inch ?ropeller type
pumps, the electric motor for the 1é6-inch volute pump, and accessory
equipment. An overhead crane will be installed for handling the cquip-
ment,

A reinforced concrete conduit adjacent to the south wall of the
pumping station substructure will serve as the gravity flow conduit and
will be provided with gates to prevent baclkwater during pumping pericds.
An intake structure for the pumping station.will.be constructed near the
center of the west wall for housing the racks and their hoists. The
existing brick sewer will be replaced by a conerete conduit for a dis-
tance of about 18 fect from the junetion manhole to the intake structure.
A grouted riprap chammel will be provided to conduct the discharge of the

30-inch pumps to the Comnecticut River.



II, SELECYTIOF OF THE SITE



II. SELECTION OF TuE SITE

The pumping station site is lamdward of the flood wall at Bridge
Street near the existing sewer outlet.

This location vwas chosen for the following principal reasons

() The Bridge Street trunk sewer vhich dreins the tributary area
discharges at the site., It is not cconomically feasible to divert the
sewage to any other point.

(b) The foundetion conditions are sabtisfactory for the construction
of the station.

(¢) It is azdaptable to Fit in with the plens for future sewnge
disposal of the Towa of West Springficld which contemplates conducting
all sanitary scvoge to the viecinity of the location of the Bridge Street

pumping sbabion.
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ITI. FOUNDATION INVESTIGATIONS

Foundation conditions were determined by seven 2-1/2-inch drive
sample borings. Location of applicable borings is shown on Plate No. 3.
Foundation conditions are shown in the geologic section on Plate No. 3,
Numbers in boring logs on this profile are those of the Providence Soil
Classification shovn graphically on Plate Ho. L and deseribed in Table
No, 1. 8lightly compressible material, predominantly consisting of
interstretified silt and lean clay, occurs in a layer approximately 36
feet thick under the adopted location for the pumping stetion.

The ectimaved dead load of the station is 1l.25 tons per square
foot. The estimated load of soil released by excavation is 1.22 tons
per sguare foot. For this small increase in s0il load of 0,03 ton per
square foot, building settlements will be very small, estimated to bes
less than 1/2 inch.

It is expected that excavation will be carried approximstely eight
feet below ground water level. In order to avoid a quick condition in
the silty send vpon which the station will rest, it will be.necessary
either to lower the ground water level in the immediate vieinity by
use of well points or other pumping measures or cut off the {low by
driving sheeting into the silt layer underlying the gravel stratum.

The riverside imporvious blanket will be constructed of a compact
glacial till, Classes 9 - 11 and 11 - 13, as used in adjacent portions

of the diks now complete.



TABLE NO. 1

PROVIDENCE SOIL CLASSIFICATION
UNITEL STATES ENGINIER OFFICE
FROVIDENCE, RHODE ISLAND

CLASS | DESCRIPTICN OF MATERIAL
1 :Graded from Gravel +to Coarse Sand. -~ Contains little medium sand,
e fCoarse to Medium Sand. - Contains little gravel end fine sand,
3 fGraded from Gravel to Mediwm Semd, - Contains little fine sand.
L Medium to Fine Sand. - Conbains little coarse sand and coarse silt.
5 fGraded from Gravel to Fine Sand., -~ Conbains 1ittle coarse silt.
6 fFine Sand to Coarse Silt, - Contains little medium sand and
CT medivm silt,
1 iGraded from Gravel to Coarse Silt. ~ Conbains little medium silt.
8 Coarse to Medium Silt. - Contains little fine send end fine silt.
9 fGraded from Grevel to Medium 8ilt. - Contains little fine silt.
10 fMedium to Mine 8ilt. - Contains little coarse silt and coarse
. clay. Tossesses behavior charscteristics of silt.
100 ‘Medivm Silt to Coarse Clay. - Comteins little coerse silt and
medivm clay. Possesses behavior characteristics of clay.
11 fGradcd from Gravel or Coarse Send te Fine Silt. = Comtains 1little
coarse clay.
12 fFine §ilt to Clay. - Conbains little medium silt and fine clay -
{colloids). Possesses behavior characteristics of silt.
120 fgiﬁl‘ - Conteins little silt., Posscsses behavior characteristics
. of clay.
13 fGraded from Coarse Sand to Clay. ~ Conbaing little fine clay
{colloids). Possesses behavior characteristics of silt.
136 ig}av. ~ Graded from sand to fine clay (colloids). Possesses

TBehavior characteristics of clay.
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IV.  HYDROLOGY

A, DRAINAGE ARTA,

1. Present conditions. - A total area of 53L acres of West
Springfield, bounded by Park Avenuve, Norman Street, Memorial Avenue, and
the flood wall along the Commecticut River, shown as Areas I and II on
Plate ¥eo 1, drains to the Bridge Street station. The enbire srea is
relatively flat with an average elevation of approximetely 60 fest above

mean see lovel. At the present time the arca is developed as follows:

Fully developed commercial - 105 acres
Partially developed industrial - 98 acres
Pully developed'residential - 175 acres

Partially developed residertial - 156 acres

Total

53l acres

2. Probable future conditions° ~ It is probable that the
existing sewer system in this area will be modif'led at some time in the
fubture in such a manncr that there will be a reduction in area tribubary
to the Bridge Street pumping station (see Paragraph B-2), Under these
conditions L37 seres, shown as Aresa I on Plate No. 1, will be the total
draincge arca contributing to the Bridge Street pumping station, and
may be classified as follows:

Fully déveloped commeroial - Q1 acres

Partially developed industrial =~ 9B acres

Fully developed residential - 175 acres
Partially developed residential -~ 73 acres
Motal - U437 acres



E. SeduR PACILIVIES,

1.  Existing sewsrs. - The area tributar& to the Bridge Street
pumping station is served by twe sborm sewer systems; one system for the
ares east of the Boston and Albany Railroad tracks and north of Bridge
Street, and the other system for the area west of those rallroad tracks
and south of Bridge Street.

The first area is entirely sewered, partially by combined sewers
and pertially by separate sewef systems. There ars two outfalls in
this area: a 40~inch by 60-inch egg-shaped, brick, combined flow sewer
in Bridge Street, laid to a grads not exceeding 0,10 percent, with a
capecity of L8 cubic feet per second, end a éH=inch circular concrete
relief sewer in Day and Cobthage Sireets, laid te a 0.10 percent grade
and interconnccted with the old sewer system at Union Street and at Main.
Street by means of weirs in common marholes. During periods of normal
run-off from this area, cr when the relief sewer is closed by a gate in
times of high water on the Commecticut River, the entire flow is delivered
to the Bridge Street sewer, VWhen sewér capacitles sre overtaxed by storm
run-off during normel steges of the Connecticut River, drainage of the
area is acocomplished through both the Bridge Street sewer and the relief
sever. A small sanitary system, principally in Main Street, outfalls
down Cottage Street through a 2li-inch pipe. During high stages of the
Comeeticus River, this sewer can be closed by means of a gate valve,
It is to be noted that dufing times when pumping is required, the total
capacity of this system is only L8 cubie fest per sccond.

The second ares is served by storm and sanitary sewers, and, at

the present time, the combined flow is carried down Memorial Avenue and



Bridge Street %o thelConnectiouﬁ River by a single sewer. ‘The city is
-eongtructing o trunk storm sower in Memorial Avenue parallel to the ex~
isting sewer snd in New Bridge Street from Normen Street to the river.

When construction is completed, in the near fubture, the ctorm sewers
will bhe econnccbed to this trunk sewer, and this area will be served
by separate scwer systems. The lower portion of the storm sewer is
8 L2-inch ecircular coucrete sewer, leid to a 0.20 percent grade, with
a capacity of L2 cubic feelt per second. There is s pumping station
gt the foot of Bridge Strect et the present time, with a capacity of
22 cubic feelt ver second against a 20~foob static head, Lo provide for
sanitary sewage and seepage through the dike.

It is not known when the sewer fecilitics will be extended in these
areas veyond the present work under construction., The total present
sewer capacity for hoth areas is only S0 cubic feet per second,

2. Future sewers. = It is probable, in the future, that the

storm run-off from J7 areas, the area west of the railroad tracks, shown
as Area II on Plate No, 1, will be diverted into the ox-bow pond by the
construction of a relief sewer at Cireuvit Avenus. The existing sanitery
sever vwould not be diverted to the ox~bow pond, since the discharge of
sanitary sewage into the pond would be undesirable.

Since the canacity of the existing sewer in Bridge Street is over-
taxed by intensive storm run-off during high stsges of the Connecitlicut
River, it is probeble that the sewer now belng constructed in New Bridge
Street would be inbtercomascted to the storm sewer in Union Street to act

ag a relief for ths Bridge Stroet sevior.



C. SEEPAGE. - Since the seepapge through the WS,5 protectiwve works
is estimated to Dbo small in relstion to the requirements for storm run-
off from this area, no extra allowance has becn made to provide for it,

D, MININUM PUMPING ELEVATION. -~ The minimum pumping elevation at

the Bridge Street pumping stetion, at whieh pumping must start in order
that the railiroad wnderpasses at Union Street and at Mﬁin Street and the
besements along Bridge Street will not be subject to flooding, is 50 feet
shove mean seca level,

E. TINE OF CONCENTRATION., - The time of concentration was deter-

mined to be omc hour, by assuming an inlet time and by computing the

travel time of the storm run-off in the sewer systom.
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V. DETERMINATION OF DISCHARGE CAPACITY

Ao REQUITENEATS FOR DISCHARGE CAPACITY. -~ The pumping station will

be of sufficient capacity to mest the following requirements:

1. Diéch&rge the run-off from the total draipage ares from
a one-hour storm with a probable chance of cccurrence of 10 perceht in
any onec month, when pumping against a river stapge with a probable cheance
of occcurrence of 10 percent occcurring in the same month.

2. Discharge L0 percent of the run-off from the total drain-
age area from a l-hour storm with a probable chance of occurrence of 10
percent in any one month, when pumping against a river stage with a prob-
able chance of occcurrence of 0,10 percent, occurring in the same month.

3. Discharge the seepage through the local protection works
in additicn to the storm run-off,

It Hold the water surface in the sewers at an elevation not
to exceed 50 feszt above meen ses level when pumving as under subparagraphsg
1, 2, and 3,

B. RAINFALL, - Rainfall records for a %5~year period at Providence,
Rhode Islend, were used bto determine monthly frequeney curves, as showm
on Plate No. 5, for all l-hour storms. The intensities of the stomms of
10 percent chance of occurrence, by months, wore used.

C. RUL-OFF. - The areas of the various types of developments in
the total drainsge area wsere summabted, and appropriate run~off coeffii-
cients, for winter and summer seasons, were assumed for each type of

development. Run-off coelficients for the entire ares were computed,

for winter and summer scasons, by weighting each of the above run-off

w 10 -



coefficients acecording to its area.

The run-off coefficients selected

for the various tyves of developments, for the two seasons of the year,

and the computed weighted run-off coefficients under present and probable

future development are shown in the following tables.

RUN-OFF COEFFICIERTS - PRESENT DEVELOPMENT

Run-off cosfficient Weighted
Tyne Fully Partially Fulil Partially’ run-off
developed |developed | developed | developed | coefficient
commercial|industrial|residential|residaential
Season 105 acres | 98 acres | 175 scres 156 acres | 53l acres
20% 13% 33% 29% 100%
November
through April 807 .10 e 40 i
Mey through
Octover .75 «20 40 20 BT
RUX-OFF COEFFICIENTS - PROBABLE #UTURE DEVELOPMENT
Run—off coefficient Woighted
Type | Fully |Partislly | Fully |Partially run~-off
developed jdeveloped |[developed [developed |coefficient
commmereial] industriel| residentialresidential
Senson 9 scres | 98 acres | 175 acres 73 acres L37 acres
21% 22% 1:0% L 17% 100%
Xovember ‘
through April 50 L0 .50 110 56
Iay through
Octoker 75 «20 + 20 « 39

. .'}_LO

To determine the run~off from the area for present and probable

future development, the following formula wes used:

n

where: @

Q=CIA

future develovments:

- 11 =

discharge from the total drainege area in cuble feeb ner second;

the weighted run-oflf coeflicient vnder present and probable



I = intensity, in inches per hour, of the l-hour storm with a 10
pereent chance of occurrence,'by months;
A = total drainege aree tributary to the pumping station in acres.

D. RI?ER STAGE. = Monthly Connecticut River stege frequency curves,
shown on Plate No. 6, wére determined at Springfield, Massachusetts,
from stage records covering the 6B8wyear period from 1872 to 19%39. From
these curves the 10 percent chance of occurrence and the 0.10 percent
chance of oceurrenco stages were determined, by months. Plate No. 9
shows the stage-duration curve for the Connceticut River at Springfield,
Messachusetts,

E.  DISCHARGE CAPACITY. - For the purpose of determining the

pumping cepacity required, it was assumed thet the full storm run-off
of the l-hour storm with a 10 percent chance of occurrence, by months,
would occur at the same time that the stage of the river was at the
10 percent chance of occurrence, occurring in the same month. It was
further sssumed that O percent of the storm run-off of the l-hour
storm with a probable chance of occurrence of 10 percent, by months,
wﬁuld~oocur coincidental with a river stage of 0.10 percent chance of
occurrence. The following table shows the relationship bebween river

stage and run~-off, umder present and probable future developments.

(Table on following page)
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RUN~OFF VS. RIVER STAGE

PRESENT DEVELOPMENT (AREA = 53L ACRES)

1-—rfour 10-year| Weighted |[Run~off lg;zz:r 1023;22&1' LO% of
Month| inbensity run-off {{c.f.s.) (£t. ebove |(£t. above| TUB" off

{in. per hour){coefficient Mesele) | masels) (cofose)
Jano 155 OSLL 158 1-1-906 56'}4 65
Feb. N 8l 127 L8.5 55.1 51
March p}-.l}—l- . 5]—‘- ]27 SL,'-e 3 67 05 51
April 50 o5l 10l 55,3 62, 58
Moy 62 37 123 518 5948 Lo
June 9l 37 185 L7.7 5h.1 N
July 1.0 3T 276 115.8 5h1 110
Aug. 1.20 <37 238 L7 51.6 95
Sept. .99 <37 195 Lé.2 6L.3 78
Oct. .68 3T 13k L7.% 59.3 5l
Nov. 5L 5L 156 L7.8 62.0 62
Dec. |5O 05L]- 11.!}.1. 1.5.9:7 58.3 58

PROBABLE FUTURE DEVELOPMENT (ARZA = L37 ACRES)

Feb. . ).IL;. . 56 108 .J_;C . 5 55 oL LL3
March b W56 108 5l 3 67.3 L3
April 50 .56 122 55,3 62,11 Lo
Moy 62 .39 106 51.8 59.8 Le
June o'l +39 160 L7.7 5.1 o
July 1.40 .39 228 15,8 5.1 95
Oct. .68 +39 116 L7.% 59,3 L6
Nov, .5l .56 1%2 Iy7.8 62,0 53
Dec. .50 .56 122 Lo, 7 58.3 Lo

- 13 -



The required pumping capecity for the present and probable future de-
velopments is determined by the envelope curve through the above computed
points, as shown on Plate No. 10, The maximum required capacity is that
at the minimum pumping elevetion of 50 feet above mean sea level. For
the present development the required pumping‘capacity is 198 cubic feet
per séoond at minimum stage, and 68 cubic feet per second at maximum
stage; for the probable future development the requirsd pumping capacity
is 17h Zuﬁic feet por second at minimum stage, and 57 cubic feet_per
second at maximum stage.

F. DISCUSSION. - As previously mentioned, it is probable, in the
_future, that the storm run-off from Area II, shown on Plate No., 1, ﬁill :
be diverted to the ox-bow pond, thus reduciﬁg the contributing area to
LZ7 acres. With this reduction in ares, the maximum required pumping
capacity of 198 cubic feet per second would be reduced to 174 cubic feet
gpér gsegond., IF sufficient sewer facilities were availebls, or, if there
werc evidence, beyond the prescnt construction, that the existing sewer
facilities would be extended or enlarged to accommodate the l-hour storm
having a probable chance of cccurrence of 10 percent, it would be nec-
essary to provide a pumping c;.paoity of 174 cubic feet per second. Howe
ever, since there is no evidehcé that additionel capacity will be provided,
and since the total capacity of the existing sewer system is only 90
cubic fect por sccond, the present pumping caopacity need be only slightly
in excess of the existing sewer capacity with the provision for a
mechaniceel safety factor.

G. SUMMARY . ~ Because of the limited capacity of the present sewer

system, a punping cevacity, at the minimum heed, of 100 cubic feet per

- 1 -



second will be provided to accommodate the present storm run-off from
this area. To provide for dry-weather flow, a pump of 16 cubic feet
per second cepacity will be installed, To provide for future incresses
in sewer capacity, space will be left in the pumping station for an
additional pump which may be varied in size to £it either the maximum
pumping capacity of 198 cubie feet per second, or the maximum capaéity

with a reduced drainage area as discussed in Paragraph F.

..15..
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Vi. MECHANICAL DESIGN

A. DUMP DRIVE. = The Bridge Street Pumping Station is one of three
pumping stations to be constructed in West Springfield, Massachusetts. -
Prior to the design of any of the stations an investigation was pade of
the available electric power facilities with the view of employing elec-
tric'motors for operating the pumps. There are no central stations of
public ubilities located in West Springfield. The town is served by the
electric power lines of the United Eleotric Light Company which has
generating facilities located across the Connecticut River at Springfield,
Massa

Owing to the fact that the past record of the existing power system
demonstrates that the existing power supply cannot be depended upon dur =
ing time of stress and that there are no other availabls nearby  sources
of power, it was decided to usé gasoline engines for driving the pumps.
In addition, the Town of West Springfield has meintained end operated
three sewage pumping stations; two of which use an electric motor and one
(the latest) a gasoline engine. Predicated on their operating experience
the town officials have requested that the pumps for the Bridge Street
Pumping Station be driven by gasoline engines. -

The gasoline engines for the Bridge Street Pumping Station will be
of the heavy~duty industrial type capable of conbinuously driving the
pumps at tTheir rated speed under any head condition developed. The en-
gines will not use over 85 percent of their developed horsepower. They
will be mouwnted on concrete bases end directly connected through flex-

ible eouplings to the right angle gear units.

- 14 -



The 1b-inch sewage pump will be operated by an elsctric motor uti-
lizing commercial powers This type of drive was adopted as most suitable
because the pump will be operated for extended periods of time and -an
electric mobor drive can be maintained and operated with little difficulty.
The motor will be of the wound rotor induction type with contreol arranged
to provide for 1/2, %/l and full speeds. This type wes employed to re-
duce the size of the gasoline-electric stendby uwmit and to eliminate
stop-and-start operation under low flows., Should the commereial power
supply fail, power for aperation oflthe pump will be obtained from the
gasoline-elsctric standby unit,. |

B. PUMPS. - From the ulbimate required pun@ing capacity of 198

Ccefese a5 determined in Section 5, it was determined that provisions
should be made to install four pumps. To install a larger number of
pumps would meterially increese the cost of the station without result-
ing in eny great advantage and a smaller number would seriously limit
the operating flexibility and reliability of the station. Inasmuch as
the present pumping requirements are considerably less than that re-
quired in the future, only three pumps will be installed initially.

No provisions were made in the capacily determined in Section 5 for
possible mechanical failure of eguipment. To provide for this contin-~
geney, it is considered necessary that any tlree pumps should be capeble
of delivering about 80 percent of the 198 cefes. or 158 c.f.s. This
factor will mako an ultimate s%&tion capacity with fouf pumps operating
at full efficiency, of 212 c.f.s. A study of equipment indicated that
four 30-inch propeller type-punps would be required; each‘pump to have

a capacity of 204,000 gepems, or 53 cufes,, against a total heed of 12.5

- 17 -



feet., In addition, one lb=inch mixed flow type of pump having a capacity
of 6500 gepetie against a total of 2245 feet was provided to pump the dry
weather flow and dike seepage at such periods when the river is at flood
stage and no storm water is tc be pumped from within the protected area.

C. RIGHT ANGIE GEAR UNITS. - The gear units will be of the self-

contained type designed for transmitting the power from the horizontal
engine shaft through a gear train to the vertical pump shaft. The units
will be inclosed in a cast iron and structural steel housing and will
have a service factor of not-less then 1.25 times the maximum power re-
quired to drive the pumps under any condition of head.

D. STANDEY GENERATOR UNIT..- A gasoline enginewdriven generator

will be provided to furnish electric power in the event of failure éf
commercial power. The unit will have & normel full load capacity of
9%«8 kve, which will be sufficient to start and run the 16~inch pump
motor as well as maintain in operation the other electrical auxiliaries
and the station lighting system.

E. CRANE, - A five~ton overhead erane will be installed in the

engine room to facilitate the repairing of any item of equipment. The
crane will be of standard construction and hand operated throughout.

F. SLUICE GATES. =~ A motor-operated sluice gete will be located

at the entrance to the pump sump. This gete will normally be kept closed
to prevent weter from collecting in the sump. It will be opened only

at such periods when it is necessary to operate the sbtorm water PUMDS »

A second motor-operated sluice gate will be located in the gravity dis-
charge condult te prevent back flow during periods of high water. This
gate will normally be kept open to permit water to flow by gravity to

the river.
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G. WATER SYSTEM. - The city water supply will be commected to the

pumping station and the water used for cooling the gasoline engines and
station service. In addition, the sump pump will be so connected that
it can be emplayed to furnish engine~cooling water in times of emergency.

H. GASCLINVE SYSTEM, - Gesoline will be stored in a 3200 gallon

tank buried in the ground adjacent to the pumping station. Each engine
will be supplied through sn individval line rumning directly to the tank.
Drip pans will be provided on each engine and comnected to a common
header rumning back to the tanks. All gasoline pipe will be 3/l-inch,

I. De copper tubing with flared joint connectionse. A% such poinbs where
the gasoline lines are imbedded in concrete or pass through beams, they
will be protected by wrought iron pipe sleeves.

I. SUMP PUMP, - A motor-operated sump pump of 50 gepeine capacity
will be provided in the wet sump for the purpose of drying 1% up after
the pumping station has been in operation.

Jo VAILVES. - 4 flap valyve will be installed on the snd of each
pump discharge line to facilitate the starting of the pump and to pre-
vent backflow through it when the river is at flood stage. Intermittent
starting and stopping of the pumps will, however, subject the flap valves
to considerable slamming whieh in time mey result in their failure. In
view of this fact, & gate valve will be provided in each discharge line
so thet they may be closed should a flap v&lveﬁfail.

¥, FIRE EXTINGUISHING SYSTEM. - A carbon dioxide fire extinguish-

ing system will be installed and so arranged that any gasoline engine
can be blanketed with gas by tripping a valve loceted just inside the

main entrance te the bullding., Portadble extinguishers will be provided
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to take care of amy other emergencies.

L. HBATING SYSTEM. - The heating system will be of the two pipe

gravity type consisting of an oil-fired boiler supplying steem to two
unit heaters located at opposite ends of the engine room. The oil
burner will be of the rotary type with electric ignition. The unit
heaters will be of ample capacity to heat the engine room under the
coldest weather condition.

. SWITCERCARD AND CONTROL EQUIPMENT. - The switchboard will be of

the steel-enclosed, low-voltage, dead~front, light duty type with all
controls mounted on the front. All circuit breakers will be menually
operated. Circuit breakers for the generator and incoming feeder will

be the air-break type rated at 600 volts, é0-cycles, A.C., having an
interrupting capacity of 20,000 emperes, provided with three instanta-
neous and time-delay magnetic overcurrent trips, and mechanically inter-
locked so that only one can be in the closed positioﬁ at any time. This
lockout feature will be provided to prevent the connection of the standhby
generator in parallel with the outside source;

All controls for operating the l6-inch pump motor will be located
at the switchbeard in order to centralize them with those of the cutside
source and standby generator. The externzl resistance of the rotor will
be varied through a drum controller to provide speed regulation at one-
half three-quarters, and full load speeds. The speed reduction will be
used to provide continuous operation during periods when the flow to the
pump is less than full load capecity at rated speed. The secondary re-
sistors will be mounted on the wall to allow free circulation of air for

dissipating the heat generated. The primary of the.pump motor will he



controlled by a magnetic contactor, fed from the mein bus through a feeder
eircuit breesker, interlocked with the "off" position of the drum controller
80 'bheJ motor cannot be started without having all of the resistance in the
rotor eircuit at the time of starting. TFeedsr protective cirocult breskers
for the pumping station auxiliary equipment will be mounted on the switch-
board, and each oircuit breaker will be rated at 600 volts, 60 cycles,
A+Ce, having en interrupting capacity of 10,000 amperes and provided with

thermal and instanteneous magnetic trip relays.
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VII. STRUCTURAL DESIGN

A. SPECIFICATIONS FCR STRUCTURAL DESIGE ,

ls General. = The structural design of the Bridge Street Pump-
ing Station has been executed in general in accordance with generally
sccepted standard practice, The specifications which follow cover the
design assumptions used and other conditions affecting the design of
the reinforced concrete and structural steel.

2, TUnit weights. -~ The following unit weights for material

were assumed in the design of the structure:

Water 62454 per cubic foob
Dry earth 004 " 0 1t
Saturated earth 125 4 " 1 1
Concrete 150 4 " 1t 1

3. Barth pressures. - For gompubing earth pressure caused by

dry earth Rankinets formule was used., TFor ssturated soils an equivelent
ligquid pressure of 80 pounds per square foot per foot of depth was assumed.

lie Structural steel. - The design of structural steel was carried

out in accordance with the Standard Specifications for Steel Construction
for Buildings of the American Institute of Steel Construction.

5. Reinforced concrete. - In general, all reinforced concrete

wes designed in accordence with the "Joint Committes on Standard Specifi-
cations for Concrete and Reinforced Concrete" issued in January 1937.

Be Allowable working stress. - The allowable working stress

in conerete used in the design of the pump house and eppurtenant structures
is based on a compressive strength of 3,000 pounds per square inch in 28

d&ys .
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b.  Flexure (£f)e - Lbs..per 5qe in.

Extreme fibre stress in compression 800
Extreme fibre stress in compression

adjacent to supports of continuous or fixed beems or

rigid £rames « o ¢ o « a4 o ¢ ¢ ¢ 5 v v 4 0. 900

¢+ Shear (v)e =

Beams with no web reinforcement and

without special anchorages « s o s « s o « o o o o » 60
Beoms with no web rsinforcement butb

with speeial enchorage of longitudinal steel « 4 » 90
Beams with properly designed weblre—

inforcement but without special anchorage of longi-

tudinal steele o o ¢ ¢ » o o o o O I IR A B 180
Beams with properly designed web re-

inforcement and wifh special anchorage of longitudinal

STEBL 6 o o 4 ¢ 4 4 s 0 s e e bt e e 270

| Footings where longitudinal bers have

Nno special anchorafge o« « o o » o o o s » s + o ¢ ¢ @ 60
Footings where longitudinal bars have

spécial BNCHOTEZEE v o o & ¢ » o o o + & o » o o & s Q0

| de Boxnd (w). -

In beams, slabs, and one way foobings 100
Where special anchorage is nrovided 200
The above stresses are for deformed bars.

e« Bearing (fo), -

"Where a concrete member has en area

at least btwice the ares in be&ring ¢ & % ¢ & 0o s & @ 500
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Ibse per sge. in.

f. Axial compression (f,).

Colums with lateral ties « o ¢ o L50

g Steel stregses. =

Tension " s & s ® & 8 4 b a0 18000

Web reinforcement + « ¢ ¢ « » o o o 16000

h. Protective concrets covering.

Type of members . pMinimum cover in inches

Interior s1abs o o o ¢ ¢ o o o o ¢ ¢ s o s 4 o s 1-1/2
Interior Deams o « o o o v @« o ¢ 6 4 & 5 o ¢ o s
Members poured directly against the ground + « L
Members exposed to earth or water but poured against

forms N I 3

For secondary steel, such as temperature and spacer steel, the above

minimum cover mey be decreased by the diameter of the temperature or
specer steel rods.

B. BASIC ASSUMPTIONS FCR DESIGN, -

le Roof slab. ~ The roof slab is of reinforced concrete. It
is designed to carry the full dead load plus e live load of LOF per square
foot of roof surface,

2+ Roof beams. ~ The roof beams are of structural steel encased
in conerete fireproofing. They are designed to carry the full dead load,
plus the full live load of LOif per square foot of roof surface. In addi-
tion to taking up the roof load, these beams together with the columns to

which they are connected, form portal frames which take up wind load and



crane thrusts on the building, The end connections are designed to take
up all such horizontal loads,

B Columns. - B Structural.steel columns in the side walls
and end walls of the superstructure take up the direct roof loads as
well as all wind loads on the sides of the superstructure. In addition,
the columns in the side walls carry crane braclkets which support the
crane runway. These columns are designed to carry full live and dead
load from the roof; dead load, live load, and impact effect from the
traveling crane; bvending dwe to eccentrically applied loads, and bending
due to wind load on the building. No'point of inflection was considered
in the column design, a pin-ended condition at the base being assumed,
b. Wall colums in the ends of the building were de-
signed for full dead load and live load from roof, plus wind load on -

the building.

¢. Allowable stress in colums was figured from formulsa

R/A = 18,000 with s meximum allowable stress of 15,000 # per
e
1
1 + square inch for dead load plus live load, and a
18,000 w2

meximum allowable stress of 20,000 # per square inch
for combined dead load, live load, and wind lecad; 1/r limited not to
exceed 120,

L. Engine room floor. - The engine room floor is designed

to carry all engines, motors, etc., actually to be placed on that floor,
as well as a wniform load.
The following assumptions were made for design purposes:
e. For the floor slab, the design loads are the esti-

mated dead loads plus a uniform live load of %00 #F per square foot.
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be For the removable steel floor plates, the design loads
are the estimated dead load plus a uniform load of 300# per square foot.
¢e For the floor beams, the design loads are the estimated

—

dead loads, the actual machinery loads, & concrete base slab load under
 the gasoline engines, and a uniform load of 200f per square foot on the
unoccupied portion of the floor slabs which contribute loads to the beams
under consideration. For the machinery loads, "an  impact factbr of 100

percent has been addeds

5+ Pump room side wallse =

8+ The station is so located that the building forms a
part of the flood protection. The riverside wall and the end walls are
designed of reinforced concrete below elevation 66,75 and of brick and
steel construction above elevation £6,75. The landside wall is designed
of brick and steel construction above elevation 65.00 and reinforced con-
erete below elevation 65.00.

be  In designing the wet pump room side walls, account was
taken of the effect of the thrust of the water against the building with
the river at flood stages To provide for horizontal pressures the walls
were designed simply supported et the operating floor level and con~
tinuous with the base slabs At the operating floor level the walls are
supported by the floor slab acting as a horizontal girder which transfers
the reactions into the end wall and the division wall between the wet
sump and l6=inch pump rooms.

S+ In the l6-inch pump room, the riverside wall, the land~

side wall, the end wall and the wall between the wot sump and the lé~inch
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pump room were designed as a ripid horizontal frame.
d. The portion of the riverside wall, extending from the
engine room floor to elevetion 66.75 wos designed s a cantilever wall,

@+ The loading consisted of the vertical loads due To the
weight of the structure; the vertical live and impact loads from the
engine room floor; the roof live load; and the thrusts against the walls
from high water on the riverside and earth pressures on the landside.

From the loadings noted, bending mome‘;lts were computed in the walls,

pump room floor slab and engine room floor besms.

6. Pump room end walls. - The pump room end walls were de-

signed to resist the vertical loads, and thrusts due to earth pressure.

7. BRoiler room floor. - The boiler room floor was designed for

a uniform live load of 250 dt/sq. f%. plus the dead weight of slab. In
designing ‘the boiler room floor beams the live load was reduced to 200

d/sq0 P

8. Condnit. - The conduit is designed only for gravity flow.

B i

I% is a rectangular chamber, 5' x 6', and approaches from the south and
passes along the east end of the pumping sitation. When the river is down
the flow is discharged through the conduit directly into the river. With
the river up, the flow from the conduit is diverted into the pumping sta-
tion through & trash reck chamber where the flow is screened beforé enter-
ing the pumps. The trash rack chamber and conduit were designed as con-
tinuous box sections. The trash reck chamber was also designed to carry

a type H-12 truck lomd on the roof. An expansion joint is provided be~
tween the trash rack chamber and the pump house substructure. The conduit

at the east end of the pump house is part of the substructure and the



expansion joints are at the outside edges of the substructure base slab.

9. Trash racks. - There is one trash rack in the trash rack

chamber. The rack consists of two leaves which are hinged 8t - 6"
vertically above the bottom of the rack and which revolve on a 6-inch
diameter pipe acting as a pin or trumion. The rack can be raised into

a horizontal position for cleaning. Cast iron bearings in the chamber
side walls provide support for the pipe trunnion while cast iron stops
anchored iﬁto the conduit flcor slab hold the rack in aligmment when it is
in position for screening.

10. Stairways and ladders. - An open grating stairway leads from

the engine room floor to the boiler room and then to the 1lé-inch pump
roome Access to the wet sump is obtained through e hateh in the engine
room floor and also by means of & concrete stalrway. A steel ladder ié
provided on the west face of the building for access to the roof.

C. ARCHITECTURE. - The pumping station will be a building of modern

design in keeping with the architectural treatment used on similar proj-
scbs of the Providence Distriet elsewhsere on the Comnecticut River., This
design will give a pleasing appearance without undue emphasis beiﬁg placed
on purely decorative features.

The pumping stetion will have a obnorete substructure with a flat-
roofed, brick and structural steel superstructure 2t x 60 overall in
ares. The 12.5 inch thick brick walls, cepped with a cast stone coping,
extend above the roof slab to form a parapet wall around the entire roof.
A flat Type roof was chosen as being economical, in keeping with the
architectural design, and to serve as a location for the engine exhaust

mufflerss The roof system consists of stoel beams encased in comcrete and
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supported by steel colurmse. The roof sladb will be 5 inches thick, covered
with a cinder concrete i1l sloped to drain. There are no outside pilas-
terse Inside the building there ere pilasters at each structural steel
column, forming fire-proof column encasements. The operating roon floor
will be an 8-1/2-inch structural concrete slab, with 8 monolithic finish.
A hand-operated traveling crane of 5 tons lifting capacity will operate
for the full length of the building and will be used for installing and
for use in rebairing pumps and machinery. Access for the crane hoist to
the 1é-inch pump and wet sump rooms will be through openings in the engins
room floor, ‘these openings being normally covered with removable checkered
floor plates.

There is no window sash in the building. ZLight will be admitted
through glass block panels. These are used because of the exposed loca-
tion of the pumping station near the river benk, making ordinary windows
somewhat undesirable. In addition, the well diffused and uniform light
which they provide and their appearance is also in keeping with the spirit
of the aréhiteetural design. To provide ventilation, adjusbable louvres
have been placed low in the brick walls and a motor operated exhaust
ventilator has been placed on the roof. Two doors give access ‘to the
building. The main entrance door, 5 feet wide and 8 feet high, consists
of two leaves of nollow steel construction and give entrance directly to
the engine room floor. It is large enough to provide adequate clearance
for any replacement of mechaniéal equipment which may be required in the
futures . The small hollow steel door on the west end of the building pro-

vides a service passage.
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VIII. CONSTRUCTION PROCEDURE

A. SEQUENCE OF OPERATIONS, - The schedule of work will require the

contractor to complete the pumping station and appurtenant works in 250
calendar deys after receipt by the contractor of notice to proceed.

B« CONCRETE CONSTRUCTION., -

le Composition of concrete. = The concrete will be composed

of cement, fine aggregate, coarse aggregate and water so proportioned and
mixed as to produce a plastic, workable mixture. All concrete will be
Class A except the pumping station base slab which will be Class B. Class
A conorete will have an average compressive stress of nﬁt less than 3400
1bs. per square ineh in accordance with a stendard 26-day test. The
average oompressive stress for Class B concrete will be 3000 1lbs, per
square inch in asccordance with a stendard 28~day test. Concrete aggre-
gates will be of suitable guelity and will be tested by the Central Con-
crete Testing Laboratory of the North Atlantic Division at West Point.

2+ laboratory control. - A small concrete testing laboratory

is available in the West Springfield Aree of the distriet for use prin-
cipally to control the guality of conerete during construction. The tests
performed here will supplement those made at the Central lLaboratory. Fa-
cilities will be available for testing the grading of aggregates, designing
concrete mixtures, mixing of trial conecrete batches for the purpose of
developing actual relations between the compressive strength and the water
cement ratio, and the casting of concrete cylinders for compressive strength
tests.

8. Cement. - Portlend cement of a well known end acceptable
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brand will be used throughout, The cement will be tested by the Central
Iaboratory and results of these tests shall be known before the cement
is used.

b, Fine aggregate., - Natural sand will be used as a fine

aggregate. The aggregate will be subject to thorough analysis, includ-
ing magnesium sulphate soundness tests, and tests made on mortar speci-
mens for compressive strength.

c. Coarse aggregate. - Washed gravel or crushed stone of

required sizes will be used as coarse aggregate. It will comsist of hard,
tough and durable particles free from adherent coating and will be free
from vegetadble matter. Only a small emownt of soft,friable, thin or
elongated particles will be allowed. The aggregate will be subject to
thorough amalysis, accelerated freezing and thawing tests and to com-
pressive tests in concrete cylinders.

d. Water. - The amount of water used per bag of cement for

each bateh of concrete will be predeterwmined; in general, it will be the
minimum amount necessary %o produce a plastic mixture of the strength
specifieds Slump tests will be reguired in accordance with the specifi-
cations.

3. Field Control.

&. Storages - The cement will be stored in a thoroughly dry,
weather-tight and properly ventilated building. The fine and coarse ag-
gregates will be stored in such o menner that inclusion of foreign mate-
rial will be avoided.

be Mixing. - The exact proportions of all ingredients of

the comerete will be predetermined. The mixing will be dome in approved
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mechanical mixers of a rotating type, and there will be adequate facil-
ities for accurate measurement and control of each of the materials used
in the ooncrete. Mixing will be done in batches of sizes as directed
and samples will be taken for slump tests and for compressive strength
tests,. VInspectors will at &ll times supervise and inspect the mixing
procedure.

¢. Placing. - Concrete will be placed before the initial
set has occurred. Forms will be clean, oileé, rigidly braced and of
ample strength. Conecrete poured directly against the ground will be
placed on cloan damp surfaces. Mechanical vibrators will be used and
forking or hand spading will be applied adjecent to forms on exposed
surfaces to insure smooth, even surfaces. The location of vertical and
horizontal construction joinbs as well as contraction and expansion
joints, and the location of copper water stops are indicated on the
drawings. The locations of comstruction joints are tentative and may be
changed to suit conditions iﬁ the field. Before placing conc¥ete, all
reinforcing steel will be inspected and pouring of the conerete will be
supervised and directed by Govermment inspectors. Adequate precautions
will be taken if concrete ig to be pvlaced in cold or hot weather,

C. SIRUCTURAL STEEL CONSTRUCTICN. -

1. Superstructure framework. « The superstructure framework

consiste of beams and columns whiech will form a skeleton frame for the
exterior walls and roof, and will provide a runway for the hand operated
cranes, The columns will be securely anchored to the substructure con~
-erete walls and will be connected to the roof beams with web connection

angles and wind bracing connections. The crane rails will be fastened



to the crane rurmwdy beams with bent hook bolts. Crane stops at each end
of the runwey will prevent the traveling crane from running into the end
walls. |

2+ Steirways. - The stairways consist of open grating treads
fastened to structural steel stairway channels with wrought iron pipe
railings-fastened to the top flanges_of the chamnels.

% Trash racks. = The trash racks are mede up of structural
channel fremes which support 4" x 3/8Ygrating bars spaced 2-5/8" in the
clear. The racks are welded throughout.

L. Removable floor plates. - Access for the crane to pump room

will be obtzined by removing checkered floor plates which cover the open-
ing in the engine room floor. The removable covers consist of l/ﬁrinch
checkered plates welded to the 2-1/2" leg of 3" x o-1/2% x 5/16" angles.
The ends are supported on angle frames anchored into the floor concrete.
Bach opening in the floor is covered with two sections. Lifting h@ndles
are provided in the plates for easy removal.

5¢ Miscellaneous angles and frames. - Miscellaneous structural

steel such as door frames, angles, grilles, etc., will be orected and

placed as indicated on the drawings and at such time as required.
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IX. SUMMRY OF COST

The total construction cost of the Bridge Street Pumping Station,
inciuvding the outlet conduit and mechanical equipment has been estimated
o be $135,000, including 10 percent for contingencies and 15 percent
for engineering and overhead.

This amount has been distributed as follows:

(1) Pumping Station
a. Concrete FEAtUrCSeseassssse32),500
be  SUPErstructurCecscessss oo se16,300

Ca Miscell&neous...... .-.....-.19,700

$57,5004
(2) Conduit
8. Concrete featresessssecess, 5,700,
(3) Mechenical equipmentesesesssesss 71,800,
Potal §135, 000

(1) &+ The concrete features Included under the pumping station
Iten (1).2' consist of the entrance chamber and building foundation to and
including the operating floor slab.

(1} é, The superstructure consists of the complete building above
the operating floor.

(1) e+ Miscellaneous iﬁems are common excavation and backfill
for the building, miscellaneous iron and steel trash rack and all other
items not included in (1) a and (L) bs

(2) a+ The concrete features included under the conduit item
(2) a consist of the gravity conduit with outlet headwall and gote

structure.
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(3} The mechanical equipment consists of the pumps, gasoline
engines, electric motor, gear units, crane, generating unit, valves and

piping, sluice gates and miscellaneous items.
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